Our investigation of the stem of Dendrobium pulchellum resulted in the isolation of four known bibenzyls, chrysotobibenzyl (1), chrysotoxine (2), crepidatin (3) and moscatilin (4). The present study reveals for the first time the ability of these four compounds to facilitate anoikis and inhibit the growth of lung cancer cells in anchorage-independent condition. The preliminary data obtained disclose the inhibitory effect on cancer cell metastasis of the isolated compounds, and provide an important new approach for cancer drug development.
Despite advances in cancer chemotherapy, research into new treatment strategies is still needed. It has been widely accepted that most cancer-related deaths are caused by metastasis, and the search for compounds that possess the ability to inhibit such cancer behavior is considered necessary. Among various steps of cancer metastasis, resistance to anoikis, a cellular process of apoptosis induced by cell detachment, is known to be a critical ability of cancer cells to ensure successful metastasis [1, 2] . Indeed, once cells are detached from the extracellular matrix, the loss of cell adhesion triggers dramatic reduction of cellular signals controlling survival and growth [3] and mediates the anoikis process [4] . Likewise, the ability of cancer cells to grow in a detached condition has been shown to be tightly related with the degree of cancer metastasis, as well as cancer aggressiveness [5] [6] [7] . So far, only a few antimetastatic agents from natural sources have been reported, such as emodin from rhubarb [8] and curcusone B, a diterpene, from Jatropha curcas [9] .
Dendrobium species have been known to produce a wide variety of cytotoxic constituents, for example, denthyrsin and denthyrsinol from D. thyrsiflorum [10] , dengraols A and B from D. gratiosissimum [11] , and moscatilin, a bibenzyl reported from several plants of this genus. Especially, moscatilin showed strong cytotoxicity against several cell lines [12] . This compound was able to induce apoptosis in colorectal cancer cell lines through tubulin depolymerization and DNA damage stress [13] , and it also showed an anti-angiogenic effect by inhibiting angiogenic factor signaling pathways [14] . Moreover, polysaccharides from D. officinale have the ability to enhance immune functions in BALB/c mice [15] . As part of our continuing studies on bioactive compounds from Dendrobium species [16, 17] , we investigated the chemical constituents of D. pulchellum Roxb. ex Lindl., a native plant of Thailand with no previous reports on its secondary metabolites. In this study, a MeOH extract prepared from the aerial parts of this plant was found to possess cytotoxic effects against human lung cancer cells. Subsequent chemical investigation of the extract resulted in the isolation of four known bibenzyls, named chrysotobibenzyl (1) [18] , chrysotoxine (2) [19] , crepidatin (3) [20] and moscatilin (4) [21] , together with fimbriatone (5) [22] , (-)-shikimic acid(6) [23] and liriodendrin (7) [24] . Identification of these isolates was carried out by comparison of their NMR and MS data with reported values. This study is the first report on the 33.41 ± 5.36 Fimbriatone (5) > 300 (-)-Shikimic acid (6) > 300 Liriodendrin (7) > 300 chemical composition of D. pulchellum. Each of these isolates was then studied for its anti-metastasis potential.
To evaluate their cytotoxic potential, the isolated compounds (1-7) were examined for cytotoxicity against human lung cancer H23 cells. Each compound was tested at various concentrations for 24 h, and cell viability was determined using the XTT assay. It was found that treatment of the cancer cells with these compounds resulted in a decrease in cell viability in a dose-dependent manner, and the IC 50 value of each compound was obtained, as shown in Table 1 . Our results are consistent with previous findings that moscatilin (4) possessed strong cytotoxic activity against several types of cancer cells [12] [13] [14] . In our study, moscatilin (4) at the concentration of approximately 33.4 µM could induce 50% reduction in H23 cell viability, while chrysotobibenzyl (1), chrysotoxine (2), and crepidatin (3) showed recognizable cytotoxicity. The remaining compounds, fimbriatone (5), (-)-shikimic acid (6), and liriodendrin (7) exhibited relatively weak activity, with IC 50 values of more than 300 µM. Since the anoikis sensitizing activity and anti-metastasic potential of compounds 1-4 had not been investigated, this study thus attempted to examine their ability in attenuating growth in an anchorageindependent condition, as well as in facilitating anoikis of lung cancer cells. Anchorage-independent growth and anoikis resistance have long been known to be key determining factors for success in metastasis of cancers [5] [6] [7] . Previously, we reported the antimetastasic activity of renieramycin M, a marine tetrahydroisoquinoline alkaloid, against lung cancer H460 cells [25] . In this study, chrysotobibenzyl (1), chrysotoxine (2), crepidatin (3), and moscatilin (4), at non-cytotoxic concentrations, were tested in detached condition assays. Figure 2 indicates that treatment of the cells with compounds 1-4 at the concentrations of 0, 0.5, and 1 µM caused significant enhancing effect on cell anoikis in a concentration-dependent manner. Moscatilin (4) exhibited the highest anoikis sensitizing activity, whereas chrysotoxine (2) and crepidatin (3) had relatively similar, but less activity. Chrysotobibenzyl (1) displayed no anoikis sensitizing effect on these cells, and this correlates with its low cytotoxicity. However, it should be noted that chrysotoxine (2) and crepidatin (3) had slightly different IC 50 values, and their effects on cell anokis were quite similar. Furthermore, it can be seen from Figures 3-6 that these four compounds produced an inhibitory effect on cancer cell growth in anchorage-independent conditions. It is very interesting to note herein that although moscatilin (4) exhibited higher cytotoxic and anoikis sensitizing activities, its ability in attenuating cancer cell Cytotoxicity of Dendrobium pulchellum Natural Product Communications Vol. 8 (1) 2013 117 growth in soft agar was comparable with that of chrysotoxine (2) and crepidatin (3) . As expected, chrysotobibenzyl (1) exhibited weak activity in inhibiting growth in the detached condition ( Figure 3) .
In summary, the present study provides novel data on the antimetastasic potential of bibenzyls isolated from D. pulchellum. Although further investigation, as well as determination of their mechanism of actions are necessary, these polyphenols offer a new approach for cancer drug research.
Experimental
General procedures: NMR spectra were obtained with a Bruker Avance DPX-300 FT-NMR spectrometer (Bruker, Rheinstetten, Germany). Mass spectra were recorded on either a Bruker microTOF (Bruker Daltonics, Bremen, Germany) or a Micromass LCT mass spectrometer (Micromass, Manchester, UK). Vacuum liquid column chromatography (VLC) and CC were performed with silica gel 60 (70-230 mesh, Merck, Darmstadt, Germany), and silica gel 60 (230-400 mesh, Merck), respectively. MCI Gel CHP20P and Sephadex LH-20 (particle size 25-100 µm) were manufactured by Supelco (Bellefonte, PA) and Pharmacia Fine Chemicals (Uppsala, Sweden), respectively.
Plant materials:
The stems of D. pulchellum were purchased from Jatujak market, Bangkok, Thailand in June 2009, and identified by Prof. Thatree Phadungcharoen (Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok, Thailand). A voucher specimen (DP/BS-062552) is deposited at the Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok, Thailand.
Extraction and isolation:
Dried, powdered stems of D. pulchellum (0.5 kg) were extracted with 95% EtOH (3 x 10 L) at room temperature to give a viscous mass of dried extract (50 g) after evaporation of the solvent. This material was subjected to vacuumliquid chromatography (VLC) on silica gel (n-hexane-EtOAc gradient and MeOH) to give 7 fractions (A-G). Fraction D (1.8 g) was chromatographed on Sephadex LH-20 (MeOH-CH 2 Cl 2 1:1) to yield 8 fractions (D-1-D-8). Fraction D-4 (330 mg) was separated by CC over silica gel, eluted with n-hexane-EtOAc (7:3) to give 26 fractions. Chrysotobibenzyl (1) (54 mg) was obtained from fractions 2-3. Separation of fractions 6-9 (35 mg) by CC (silica gel; n-hexane-EtOAc 7:3) gave chrysotoxine (2) (11 mg). Fraction D-5 (510 mg) was further separated by CC over silica gel (n-hexane-EtOAc gradient) to give crepidatin (3) (24 mg) and moscatilin (4) (130 mg). Separation of fraction D-7 (60 mg) was performed on silica gel (n-hexane-EtOAc gradient) to yield fimbriatone (5) (6 mg). Fraction F (4 g) was separated by CC (silica gel; CH 2 Cl 2 -MeOH gradient) and then by CC (silica gel; EtOAc-MeOH gradient with 1% H 2 O) to give (-)-shikimic acid (6) (145 mg). Fraction G (10 g) was rechromatographed over MCI-gel CHP-20P (H 2 O-MeOH 1:0 to 1:9) and then by CC (silica gel; EtOAc-MeOH 9:1 with 1% H 2 O) to afford liriodendrin (7) (50 mg).
Cells and reagents:
Human lung cancer H23 cells were obtained from the American Type Culture Collection (Manassas, VA). Cells were cultured in RPMI 1640 containing 5% fetal bovine serum, 2 mM L-glutamine, and 100 units/mL penicillin/streptomycin in a 5% CO 2 environment at 37°C. 2,3-Bis(2-methoxy-4-nitro-5sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT), and other chemicals were obtained from Sigma Chemical, Inc. (St. Louis, MO). Hoechst 33342 were obtained from Molecular Probes, Inc (Eugene, OR).
Anoikis and cell viability assay:
To prevent cell adhesion, tissue culture 6-well plates were coated with 200 µL (6 mg/mL in 95% ethanol) of poly (2-hydroxyethyl methacrylate) (poly-HEMA; Sigma) and left to dry overnight in a laminar flow hood at room temperature. Adherent H23 cells in culture plate were trypsinized into a single cell suspension in RPMI medium and then seeded in Poly-HEMA-coated plates at a density of 1×10 5 cells/mL. Suspended cells were incubated at 37°C for various times up to 24 h. For cell viability assay, cells were harvested, washed, and incubated with 20 µM of 2,3-Bis(2-methoxy-4-nitro-5sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT) for 4 h at 37°C. Optical density was then determined with a V-max photometer (Molecular Devices Inc., Menlopark, CA) at a wavelength of 450 nm.
Colony formation assay:
Anchorage-independent growth was determined by a colony formation assay in soft agar. Lung cancer cells were prepared into a single-cell suspension by treatment with a mixture of 350 µL trypsin and 1.5 mM EDTA. Cells were suspended in RPMI containing 10% FBS and 0.33% low melting temperature agarose. Then a 2 mL suspension containing 2×10 4 cells was placed in a 35 mm dish over a 3 mL layer of solidified RPMI/10% FBS/ 0.6% agarose. The cells were fed every 3 days by adding 200 µL of RPMI/10% FBS. Colonies were stained with Hoechst33342 and photographed at 10x and 30x magnification after 4 weeks.
Statistical analysis:
Mean densitometry data from independent experiments were normalized to results in cells in the control. The data are presented as the mean ± SD from 3 or more independent experiments and analyzed by the Student's t test at a significance level of p < 0.05.
